FM DETECTOR FOR DIRECT-CONVERSION RECEIVER 



BACKGROUND OF THE INVENTION 

Field of the Invention : This invention relates to FM detectors, in particular to FM detector for 
direct-conversion receivers with quadrature downconversion. 

Brief Description of Related Art: An FM detector is used to convert frequency deviations from the 
carrier frequency of the FM signal into voltage amplitude variations. Commonly used FM detector 
are the slope detector and the quadrature detector. In the slope detector as shown in Fig. la, the 
carrier frequency is tuned not at the peak but at the slope of the frequency response of a resonant 
circuit as shown in Fig. lb, and the amplitude response changes as frequency departs from the carrier 
frequency. In the quadrature detector, the carrier frequency signal is mixed with the quadrature 
signal as shown in Fig.2, and then the output voltage of mixer is proportional the frequency 
deviation of the FM signal. 

In recent years, the direct-conversion radio receivers with quadrature downconversion become 
popular for improved image suppression and simplification of intermediate frequency filtering. Fig.3 
shows the architecture of a direct-conversion receiver. The incoming RF input signal is converted by 
an in phase component LOi of local oscillator LO and a quadrature phase component LOq of local 
oscillator LO with same local oscillation frequency as the RF input signal VFM. The two converted 
signals are then filtered by low-pass filters LPI and LPQ to yield an in-phase signal VIFIL and a 
quadrature signal VIFQL. If the input RF signal is frequency modulated, then each of the converted 
signal VIFIL and the converted signal VIFQL may require an individual FM detectors DETI and 
DETQ such as that shown in Fig. la or Fig.2 to demodulate the modulated FM signals into voltage 
amplitude variations VDEM. The two demodulated signals may combine in a summer. 

SUMMARY OF THE INVENTION 

An object of this invention is to simplify the detection of an FM signal for a direct-conversion 
receiver. Another object of this invention is to use one FM detector to detect two converted 
quadrature FM signals. 

These objects are achieved by mixing the converted in-phase signal and the converted quadrature 
signal in a mixer, and the output of the mixer yields the amplitude variation proportional to the 
frequency deviation from the carrier. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. la shows a slope detector for FM signals; and Fig. lb shows the frequency response of the 
slope detector. 

Fig.2 shows a quadrature phase FM detector. 

Fig.3 shows the architecture of a direct-conversion receiver. 

Fig.4 shows the basic block diagram of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The basic block diagram of the present invention is shown in Fig.4. An incoming RF signal VFM 
is mixed in mixer MXI with the in-phase output LOI of a local oscillator LO to produce an in-phase 
beat frequency signal, VIFI. The incoming signal VFM is also mixed with the quadrature output of 
the local oscillator to produce a quadrature beat frequency signal, VQIF. After passing through a low 
pass-filter LPFI to remove the higher beat frequency component, the output VIFIL from the LPFI is 
applied to a mixer DET. After passing through a low-pass filter LPFQ to remove the higher beat 
frequency component, the output VIFQL from the LPFQ is mixed with VIFQL in mixer DET. Since 
VIFIL and VIFQL are in quadrature, the mixer DET operates as an FM detector as depicted in Fig.2. 

There are many methods to mix two signals. The Gilbert cell is a popular mixer. Another method 
is to use an Exclusive OR. The Exclusive-OR has the advantage of serving as a limiter to avoid any 
imbalance between the VIFIL and VIFQL. Any other kinds of multipliers can serve as a mixer, 
hence an FM detector. 

While the FM detector is described for a direct-conversion receiver, which implies that one of the 
beat frequency (IF) signals has a zero-frequency component, this invention is not limited to zero- 
frequency IF signals. Any architecture having an in-phase component of the IF signal and a 
quadrature component of the IF signal can use the FM detector of the present invention, e.g. the low 
IF architecture and the Weaver architecture. 

While the preferred embodiments of the present invention have been described, it will be apparent 
to those skilled in the art that various modifications may be made in the embodiments without 
departing from the spirit of this present invention. Such modifications are all within the scope of the 
present invention. 
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